Abstract. By combining the generalized exterior algebra of forms over a noncommutative algebra with the gauging of discrete directions and the associated Higgs fields, we consider the construction of the bosonic sector of left-right symmetric models of the form SU(2)L ® SU(2)R ® U(1). We see that within this formalism maximal use can be made of the gauge connection associated with the noncommutative graded algebra. (1991). 81T13, 81R40.
Introduction
A promising mechanism for the introduction of Higgs fields into Yang Mills theory is provided by formally extending spacetime to include additional space-like dimensions. Compactification of these additional dimensions and the imposition of particular symmetry properties implied by the internal manifold, such as with the Coset Space Dimensional Reduction Scheme [1], result in gauge fields which originally carried space indices corresponding to the additional dimensions being realized as scalar fields in four dimensions. The resulting Higgs potential is in a symmetry breaking form. While this procedure has an aesthetic appeal, problems associated with the symmetry breaking scale (i.e. the symmetry breaking is presumed to occur at the Planck scale) made this mechanism phenomenologically difficult to reconcile.
Recently, however, an alternate approach has been investigated by Balakrishna, Gfirsey and Wali [2] . Within this framework, the extension of spacetime is by finite matrices. By defining an exterior algebra of forms over the noncommutative direct product algebra of smooth functions on spacetime and Hermitian n x n matrices s¢, a Lagrangian can be constructed from consideration of the generalized twoforms. The form of the Higgs fields is determined by the choice of the exterior derivative. Furthermore, a symmetry-breaking Higgs potential arises naturally.
The consideration of such an approach was inspired, in part at least, by new ideas generated by the field of noncommutative geometry [3] where there are more than one identical copies of spacetime characterized by a discrete index p = 0, 1, 2 .... [4, 5] . The simplest example of this is provided when p = 0, 1, so we have a discrete set of two identical spacetimes and the natural appearance of a Z2 symmetry. An SU(2)®U(1) model has been constructed via this approach [5] which, however, does not make full use of the inherent symmetries associated with the gauge connection.
In this Letter, we seek to combine these new ideas. By considering the case of two identical universes with the set of forms described on each by the generalized algebra ~4, we have a way of geometrically introducing a set of Higgs fields which mimic a set required to break SU(2)L®SU(2)R®U(1 ) along the lines of the standard model. Furthermore, this approach allows for the simultaneous consideration of a discrete set of extended spacetimes. We find that we can make maximal use of the generalized gauge connection and that the form of the electroweak symmetry breaking Higgs field is intuitively consistent with its role as a connection between discrete spacetimes. We begin by reviewing briefly both procedures and then consider a particular model exhibiting SU(2)L ®SU(2)R ®U(I) symmetry which utilizes this approach. We then discuss how the model can be adjusted so as to incorporate a more realistic symmetry breaking scheme.
Extended Gauge Theories
Treating Yang-Mills and Higgs fields at an equal level is an attempt to understand the symmetry-breaking mechanism arising in the standard model and to constrain some of the parameters associated with it. Recent work in this field has been done using the ideas of noncommutative geometry [3] . Within this approach, Higgs fields arise from the gauging of discrete directions. In the case of a Z2 symmetry, the connection one-form can be written as a 2 × 2 matrix [5] In order to construct field-strength tensors and, ultimately, Lagrangians, a differential operator on the 2 x 2 matrix connection (2.1) must be defined. This operator, acting on matrices with arbitrary entries, defines a Z2 grading with ~X'od d = 1 and 0Xeven = 0. The matrix, t/v, is the most general odd matrix satisfying t/2 --1 acting on the space of 2 x 2 matrices, which therefore has the form
